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Abstract
·AIM:Toreportthevisualoutcomebasedonvarious
patterns of optical coherence tomography (OCT)
morphologyindiabeticmacularedema(DME),following
treatmentwithanti-VEGFintravitrealbevacizumab(IVB)
injection.
· METHODS:Sixty-sevenconsecutivesubjectswith
centreinvolvingDMEunderwentintravitrealinjectionof
bevacizumab (1.25mg/0.05mL)inthisretrospective,
comparative,nonrandomizedstudy. The DME was
classifiedintooneoffourcategories:focal,diffuse,focal
cystoidandneurosensorydetachmentbasedonOCT.
Bestcorrectedvisualacuity(BCVA),macularappearance,
andOCTfindingswereusedtodecidewhetherthe
subjectshouldhavearepeatinjectionofintravitreal
bevacizumab.Outcomemeasureswereachangeinmean
BCVA(SnellenconvertedtologMAR)andcentralmacular
thickness (CMT)ineachgroupduringthesixmonth
follow-upperiod.
·RESULTS:ThemeanBCVAimprovedtologMAR0.23
atfinalfollow-upfromabaselineof0.32logMAR ( =
0.040)inthefocalgroup,logMAR0.80atfinalfollow-up
fromabaselineof0.82logMAR(=0.838)inthediffuse
group,worsenedtologMAR0.53atfinalfollow-upfrom
abaselineof0.43logMAR(=0.276)inthefocalcystoid
group,andimprovedtologMAR0.79atfinalfollow-up
fromabaselineof0.93logMAR ( =0.490)inthe
neurosensorydetachmentgroup.ThemeanCMTbefore
treatmentwere298.8依25.03 滋minthefocalgroup,310.8依
40.6 滋minthediffusegroup,397.15依31.05 滋minthefocal
cystoidgroupand401.03依75.1 滋mintheneurosensory
detachmentgroup.Ameanof2.05(range:1-5)injections
inthefocalgroup,1.32(range:1-2)inthediffusegroup,
2.6 (range:1-6)inthefocalcystoidgroupand2.6
(range:1-6)intheneurosensorydetachmentgroupwere
performedduringthesixmonthfollow-upperiod.
Following intravitreal bevacizumab treatment, vision
improved,remainedunchangedorworsenedin11,7and
2subjectsinfocalgroup;11,9and8indiffusegroup;0,
2and4infocalcystoidgroupand5,5and3subjects
respectivelyinneurosensorydetachmentgroup.
·CONCLUSION:OCTmorpholgypatternsinDMEmay
predicttheeffectsofintravitrealbevacizumabtreatment,
andpatientswithfocalDMEaremostlikelytobenefit
fromtheimproventofvisualacuityfromthistreatment.
· KEYWORDS: opticalcoherencetomography;diabetic
macularedema;intravitrealinjection;bevacizumab
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INTRODUCTION
D
iabeticretinopathy(DR)isoneoftheleadingcausesof
visionlossintheworld
[1,2].Themaincauseofvision
impairmentindiabeticpatientsisdiabeticmacularedema
(DME).Alargeepidemiologicalstudyindicatedthatmacular
edemawaspresentin15%ofthestudypatientswithDR
[3].
Vascularendothelialgrowthfactor(VEGF)isapotent
endothelialcellangiogenicfactor,andapowerfulmediatorof
vascularpermeability.Itleadstothebreakdownofthe
blood-retinalbarrierinDR,causingleakageofintravascular
fluidfromabnormalretinalcapillaries,resultinginDME
[4].
Therefore,atpresent,treatmentwithanti-VEGFagentsisone
ofthemostpromisingapproachesforthetreatmentofvision
lossduetoDME
[5,6].Variousstudieshaveestablishedthe
safetyandefficacyof anti-VEGFagents,including
ranibizumabandbevacizumab,inthetreatmentofDME
[7-9].
251VariouspatternsofDMEhavebeenrecognizedonoptical
coherencetomography(OCT).However,therearefew
publishedstudiesreportingvisualoutcomesforvariousOCT
patternsinDMEtreatedwithanti-VEGFtherapy,andnone
fromtheArabianPeninsulawherediabetesiscommonand
thevastmajorityofpatientssufferfromvisualdisabilitydue
toDME
[10].Theaimofthisstudyistoreportthevisual
outcomebasedonvariouspatternsofOCTmorphologyin
DME, followingtreatmentwithanti-VEGFintravitreal
bevacizumab(IVB)injectioninSaudipatients.
SUBJECTSANDMETHODS
Subjects Weconductedaretrospective,comparative,
non-randomizedstudyonaconsecutiveseriesofpatients
whounderwentintravitrealinjectionofbevacizumabfor
DME.Sixty-sevenconsecutivesubjectswithcentreinvolving
DMEwereincludedinthestudy.Thestudyadheredtothe
tenetsoftheDeclarationofHelsinki,wasapprovedbythe
InstitutionalReviewBoardofthehospitalandinformed
consentwasobtained.Thesubjectswererecruitedfromthe
retinaclinicatDhahranEyeSpecialistHospital,atertiary
referralophthalmichospitalintheEasternprovinceofSaudi
Arabia.Patientsinthestudywereidentifiedbyinjection
roomlog,andwerefollowedupforsixmonthsafterthe
initiationoftheintravitrealinjectiontreatment.Thediagnosis
of DMEwasestablishedineachsubjectbyclinical
examinationandOCT.
Intravitrealbevacizumabinjectionandfollow-up All
subjectsreceived1.25mg/0.05mLintravitrealinjectionof
anti-VEGFagentbevacizumab(Avastin
®,GenentechInc.,
SanFrancisco,CA,USA).Thelidsandconjunctivawere
cleansedwith10% and5%povidoneandiodine,
respectively,followedbyaninjectionof2%lidocaineto
anesthetisetheconjunctiva.Bevacizumab(1.25mg)was
injectedwitha30gneedlethroughtheparsplana(3.5mm
fromlimbus)intothevitreous.Aneyepadwasplacedand
0.3%gatifloxacintopicaldropswereprescribedtobe
instilledfourtimesdailyfor4d.
AnOCTappearanceofthemacularimagetakenatthe
initiationoftreatmentwasgradedinamaskedfashionby2
retinaspecialists.TheDMEwasclassifiedintooneoffour
categories.PatientswithfocalDMEhadlimitedretinal
thickeningwithcystformationandpreservationofthe
macularcontours(Figure1A),diffuseDMEpatientshad
widespreadretinalthickeningwithaspongelikeappearance
ofthemacula(Figure1B),patientswithfocalcystoidDME
hadamoundlikeappearanceofthefoveaduetofocal
collectionoffluidatthefovea(Figure1C),andpatientswith
neurosensorydetachmentDMEhadanassociatedsubretinal
collectionoffluidunderthefovea(Figure1D).Imageswith
mixedfeatureswerecategorisedbasedonpredominant
features.PatientswhohadanOCT appearanceof
vitreomaculartractionandfovealplaquewereexcludedfrom
thestudy.
Figure1DMEclassificationbasedonOCTappearance A:PatientswithfocalDMEhadlimitedretinalthickeningwithcystformation
andpreservationofthemacularcontours;B:DiffuseDMEpatientshadwidespreadretinalthickeningwithaspongelikeappearanceofthe
macula;C:PatientswithfocalcystoidDMEhadamoundlikeappearanceofthefoveaduetofocalcollectionoffluidatthefovea;D:Patients
withneurosensorydetachmentDMEhadanassociatedsubretinalcollectionoffluidunderthefovea.
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Ateachfollow-upvisit,afullophthalmicassessment
includinganevaluationofretinalmorphologywithOCTwas
performed. EvaluationofthemaculawithOCTwas
performedwithcommerciallyavailableequipment(Topcon
MedicalSystems,Inc)toimageanyintraretinaledema,
subretinalfluidorothermacularabnormalities.Retinal
thicknesswasmeasuredinacircleof3.5mmindiameter
correspondingtofivezones(central,nasal,temporal,superior
andinferior)centeredonthefixationpoint.Meanthickness
onthe1mmcirclecenteredonthefoveawasmeasured,and
thicknessofallfivezoneswasusedtocalculateaverage
centralmacularthickness(CMT).
Bestcorrectedvisualacuity(BCVA),macularappearance,
andOCTfindingswereusedtodecidewhetherthesubject
shouldhavearepeatinjectionofIVB.However,itwasleftat
thediscretionofthetreatingphysiciantofollowaspecific
regimenortreatpatientsonPRN( ,asrequired)
basis.
StatisticalAnalysis Outcomemeasureswereachangein
meanBCVA(SnellenconvertedtologMAR)andCMTin
eachgroupduringthesixmonthfollow-upperiod.Statistical
analysis, -testforparametricdata,andonewayANOVA
wasperformedwithSPSSstatisticalsoftware(version17.0.1,
IBMCorp.,Somers,NY,USA). <0.05wasconsidered
statisticallysignificant.
RESULTS
Sixty-sevenconsecutivesubjectswithDMEwereincludedin
thestudy.Therewere13malesand7femalesinthefocal
group,19malesand9femalesinthediffusegroup,4males
and2femalesinthefocalcystoidsgroupand11malesand2
femalesintheneurosensorydetachmentgroup.Themean
BCVAbeforetreatmentwas0.32依0.268logMAR(range:
0.0logMARto0.9logMAR)inthefocalgroup,0.82依
0.73logMAR(range:0.0logMARto3.0logMAR)inthe
diffusegroup,0.43依0.16logMAR(range:0.2logMARto
0.7logMAR)inthefocalcystoidsgroupand0.93依0.64logMAR
(range:0.0logMARto2.0logMAR)intheneurosensory
detachmentgroup.ThemeanCMTbeforetreatmentwere
298.8依25.03 滋minthefocalgroup,310.8依40.6 滋minthe
diffusegroup,397.15依31.05 滋minthefocalcystoidsgroup
and401.03依75.1 滋mintheneurosensorydetachmentgroup
(Table1).
Ameanof2.05(range:1-5)injectionsinthefocalgroup,
1.32(range:1-2)inthediffusegroup,2.6(range:1-6)inthe
focalcystoidsgroupand2.6(range:1-6)intheneurosensory
detachmentgroupwereperformedduringthesixmonth
follow-upperiod.
ThemeanBCVAimprovedtologMAR0.235atfinal
follow-upfromabaselineof0.32logMAR( =0.040)inthe
focalgroup,logMAR0.80atfinalfollow-upfromabaseline
of0.82logMAR( =0.838)inthediffusegroup,worsened
tologMAR0.53atfinalfollow-upfromabaselineof0.43
logMAR(=0.276)inthefocalcystoidsgroup,and
improvedtologMAR0.79atfinalfollow-upfromabaseline
of0.93logMAR( =0.490)intheneurosensorydetachment
group(Table2).
Table 1 Characteristics of groups of patients in the study 
Parameters  Focal group  Diffuse group  Focal cystoid group  Neurosensory 
detachment group 
No. of patients  20  28  6  13 
Age (range)  53.2 (30-72)  60.9 (30-94)  58.1(46-64)  52.15 (38-74) 
Sex (M/F)  13/7  19/9  4/2  11/2 
Number of IVB: mean (range)  2.05 (1-5)  1.32 (1-2)  2.6(1-6)  2.6(1-6) 
Pre- IVB visual acuity LogMAR: 
s x –  (range) 
0.32±0.268 
(0.0-0.9) 
0.82±0.73 
(0.0-3.0) 
0.43±0.16 
(0.2-0.7) 
0.93±0.64 
(0.0-2.0) 
Pre IVB OCT thickness Microns: 
s x –  (range) 
298.8±25.03 
(264.5-349.6) 
310.8±40.6 
(231.9-414.4) 
397.15±31.05 
(364.7-445.7) 
401.03±75.1 
(309.8-540.7) 
IVB: Intravitreal bevacizumab. 
Table 2 Statistical analysis of outcome in different groups 
Groups  Parameter  Pre-treatment  Post IVB injection  P 
Visual acuity LogMAR:  s x –   0.32±0.268  0.235±0.27  0.040 
Focal 
OCT thickness Microns:  s x –   298.8±25.03  284.6±24.4  0.004 
Visual acuity LogMAR:  s x –   0.82±0.73  0.80±0.76  0.838 
Diffuse 
OCT thickness Microns:  s x –   310.8±40.6  291.94±50.1  0.021 
Visual acuity LogMAR:  s x –   0.43±0.16  0.53±0.25  0.276 
Focal cystoid 
OCT thickness Microns:  s x –   397.15±31.05  374.2±50.23  0.208 
Visual acuity LogMAR:  s x –   0.93±0.64  0.79±0.62  0.490  Neurosensory 
detachment  OCT thickness Microns:  s x –   401.03±75.1  365.0±57.6  0.052 
IVB: Intravitreal bevacizumab. 
253ThemeanCMTdecreasedfrom298.8 依25.03 滋mbefore
treatmentto284.6依24.4 滋matthelastvisit( =0.004)inthe
focalgroup,from310.8 依40.6 滋mbeforetreatmentto
291.94依50.1 滋matthelastvisit( =0.021)inthediffuse
group,from397.15依31.05 滋mbeforetreatmentto374.2 依
50.23 滋matthelastvisit(=0.208)inthefocalcystoids
groupandfrom401.03依75.1 滋mbeforetreatmentto365.0依
57.6 滋matthelastvisit( =0.052)intheneurosensory
detachmentgroup(Table2).
FollowingIVBtreatment,visionimproved,remained
unchangedorworsenedin11,7and2subjectsinfocal
group;11,9and8indiffusegroup;0,2and4infocal
cystoidgroupand5,5and3subjectsrespectivelyin
neurosensorydetachmentgroup(Table3).
Aone-waybetweensubjectsANOVAwasconductedto
comparetheeffectofOCTmorphologyonfinalvisualacuity
followingtheinjectionofIVB.Therewasasignificanteffect
onvisualacuityatthe <0.05forthefocalOCTmorphology
[F(3.63)=4.14, =0.010].Posthoccomparisonsusingthe
TukeyHSDtestindicatedthatthemeanscoreforthefocal
group(mean=0.23;SD=0.27)wassignificantlydifferentthan
otherOCTmorphologygroups.Takentogether,theseresults
suggestthatfocalappearanceofmacularedemaonOCTwas
associatedwithimprovedvisualacuityfollowingIVB
injection.
DISCUSSION
DMEisamajorcauseofvisionlossinpatientswithdiabetic
retinopathy
[11].Itresultsfromthedisruptionoftheblood
retinalbarrierwithaconsequentintraretinalaccumulationof
fluid,andwhenthepumpingabilityoftheretinalpigment
epitheliumisoverwhelmed,subretinalfluidaccumulationcan
alsooccur.Althoughastereoscopicclinicalassessmentofthe
maculawithafunduslensatslitlampisthegoldstandardfor
diagnosingDME,theuseoftechnologysuchasOCT,offers
theopportunitytoassessthemaculainhistologiccross
sections,andmakeobjectiveandquantitativeevalauationsof
DME
[12].
VariousmorphologicsubtypesofDMEhavebeenrecognised
onOCTimaging
[13].Itislikelythateachmorphologicsubtype
of DMEmayhavedistinctiveaspectsthatcouldbe
responsiblefordifferentresponsestotreatmentwiththe
currentlyfavouredanti-VEGFtherapy.Inourstudy,DME
wasclassifiedintofourcategories;Focal,diffuse,focal
cystoidandneurosensorydetachment.However,thereisnot
yetacommonlyacceptedclassificationforDMEmorphology
onOCT,andotherstudieshavemainlyused3subtypes:
diffuse,cystoidandneurosensorydetachment.Weoptedto
createanadditionalcategoryof ‘focal’ ,aswefeltthatithas
distinctmorphologicOCTfeatures,and may respond
differentlyfollowingIVBtreatment.
OurstudyfoundthatfocalDMEgroupwasassociatedwith
mostimprovementofvisualacuityfollowingIVB,where
meanBCVAimprovedtologMAR0.23atfinalfollow-up
fromabaselineof0.32logMAR(=0.040).Therewas
marginalimproventinthediffuseDMEgroup,whichwasnot
statisticallysignificant.ThemeanOCTmacularthickness
afterIVBtreatmentdecreasedinallgroups.However,this
wasmostpronouncedinthefocalDMEgroup ( =0.004).
TheresultsinfocalDMEgroupalsoshowedahighernumber
ofsubjects(11/20,55%)achievingvisualimprovement
followingIVBtreatmentascomparedtoothergroups.
Severalimplicationscanbeinferredfromsignificant
improvementofBCVAinthefocalDMEgroupinourstudy.
PatientswithfocalDMEhavelimitedretinalthickeningwith
cystformation,andpreservationofthemacularcontours.As
theretinalarchitectureisrelativelypreserved,theyhave
bettervisualacuityatpresentation,andconsequentbetter
responsetoanti-VEGFtherapy.Otherinvestigatorshave
foundvariableresultsforvisualimprovementindifferent
groupsafterIVBtreatment.Thismayberelatedtoadifferent
classificationofDMEorpatientselectioncriterionfortheir
studygroups.Kim
[14] foundthatintravitrealinjectionof
bevacizumabwasmoreeffectiveinthediffuseretinal
thickeningthaninthefocalcystoidor neurosensory
detachmenttypesofDME.OntheotherhandWu
[15]
foundthatpatientswithcystoidchangegainedgreater
improvementinvisualacuityandmacularthicknessand
volumeafterIVBinjection.Koytak
[16] foundthatthere
wasnostatisticallysignificantvariationbetweenfocal,
cystoidandneurosensorydetachmentgroupsregardingthe
changeinBCVA.Mostinvestigators,likeourstudy,noteda
reductioninthemacularthicknessfollowingIVBtreatment.
However,thisdid not necessarilytranslateintothe
improvementofvisualacuityexceptinfocalorcystoid
groups.
Somerecentstudieshavereportedthattheappearanceofthe
photoreceptorlayer,andtheintegrityoftheinner
segment-outersegmentjunction(IS/OS)linevisualizedby
SDOCTcanbeusedtopredictthefunctionaloutcomesafter
macularsurgery
[17,18].Asimilarassociationinpatients
undergoingDMEtreatmentwasfound,andthatvisualacuity
improvementwascloselyassociatedwithIS/OSintegrity
[19].
Inourstudy,wedidnotlookattheseparameters,andonly
Table 3 Visual status of different groups following IVB injection 
OCT morphology (groups)  Improved  No change  Worse  Total 
Focal  11  7  2  20 
Diffuse  11  9  8  28 
Focal cystoid  0  2  4  6 
Neurosensory detachment  5  5  3  13 
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evaluatedthevariouspatternsofOCTmorphologyinDME.
Ourstudyisretrospective,andhaslimitednumberof
patients.However,theresultspointtoimprovedvisualacuity
followingIVBinjectioninpatientswithfocalappearanceof
macularedemaonOCT.
Inconclusion,OCTmorpholgypatternsinDMEmaypredict
theeffectsofIVBtreatment,andpatientswithfocalDME
aremostlikelytobenefitfromtheimproventofvisualacuity
fromthistreatment.However,prospective randomized
studies,andwithauniformclassificationsystemforOCT
morphologyinDMEareneededtoconfirmtheresultsofour
study.
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